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1
STRUCTURE OF HYBRID VEHICLE

TECHNICAL FIELD

The present invention generally relates to a structure of a
hybrid vehicle having an internal combustion engine and a
motor as its motive power source, and more particularly, to a
structure of a hybrid vehicle including a battery pack of a
side-flow type wherein cooling air flows in the horizontal
direction.

BACKGROUND ART

As to a conventional structure of a hybrid vehicle, for
example Japanese Patent Laying-Open No. 2001-138753
(Patent Document 1) discloses a vehicle lower body structure
of a hybrid vehicle having an object of lowering the floor
while reducing the length in the longitudinal direction of the
vehicle. In the hybrid vehicle disclosed in Patent Document 1,
a battery case storing a battery is arranged below a seat in the
vehicle room. An exhaust pipe attached to an exhaust mani-
fold of an engine extends below a floor panel toward an
exhaust port situated at the rear of the vehicle. The exhaust
pipe extends in a position not overlapping with the battery
when the vehicle is seen two-dimensionally.

Japanese Patent Laying-Open No. 2003-326980 (Patent
Document 2) discloses a loading structure for an exhaust
pipe, which has an object of suppressing a local temperature
increase of a battery caused by heat of an exhaust pipe. Simi-
larly to the hybrid vehicle disclosed in Patent Document 1,
also in Patent Document 2, the battery is arranged so that it is
not positioned immediately above the exhaust pipe.

Japanese Patent Laying-Open No. 2001-18664 (Patent
Document 3) discloses an air-intaking and exhausting appa-
ratus in an air cooling system having an object of efficiently
cooling a power drive unit and a down converter without
using an air conditioning apparatus in the vehicle. Japanese
Patent Laying-Open No. 2000-351328 (Patent Document 4)
discloses a battery mounting structure for an electric vehicle
having an object of mounting a battery on one side below a
vehicle floor without impairing support stability.

A battery pack mounted on a hybrid vehicle is classified by
the direction of the flow of cooling air into a side-flow type
wherein the cooling air is caused to flow in the horizontal
direction to cool the secondary battery, and an up-flow type or
a down-flow type wherein the cooling air is caused to flow in
the vertical direction to cool the secondary battery. With the
side-flow type, an intake chamber supplying cooling air
toward the secondary battery and an exhaust chamber
exhausting the cooling air from the secondary battery are
arranged on opposite sides of the secondary battery. However,
in this case, since there is no chamber below the secondary
battery as in the up-flow or down-flow type, the battery pack
is greatly affected by heat from under the floor panel when the
battery pack is arranged on the floor panel of the vehicle. This
may impair the efficiency of cooling the secondary battery.

On the other hand, in the hybrid vehicle disclosed in Patent
Document 1, the exhaust pipe is arranged so that it does not
overlap with the battery when seen two-dimensionally. How-
ever, the exhaust pipe must be detoured around the battery
case, and therefore the pipe is greatly bent along its route.
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When the exhaust pipe is excessively bent in such a manner,
exhaust efficiency may be reduced and the engine perfor-
mance may be impaired.

DISCLOSURE OF THE INVENTION

An object of the present invention is to solve the aforemen-
tioned problems, and to provide a structure of ahybrid vehicle
that suppresses reduction in the efficiency of cooling a sec-
ondary battery without placing a great limit on routing of an
exhaust pipe.

A structure of a hybrid vehicle according to one aspect of
the present invention is a structure of a hybrid vehicle having
an internal combustion engine and a motor. The structure of a
hybrid vehicle includes: a battery pack arranged on a vehicle
floor; and an exhaust passage having an exhaust port and
extending from the internal combustion engine, passing
below the vehicle floor, to the exhaust port. The battery pack
has a secondary battery constituted by a plurality of battery
cells stacked in a vehicle traveling direction for supplying
electric power to the motor, and an intake chamber provided
adjacent to the secondary battery in a substantially horizontal
direction perpendicular to the direction along which the plu-
rality of battery cells are stacked for supplying cooling air
between each of the plurality of battery cells. The exhaust
passage is provided so that it passes immediately below the
battery pack and passes a position displaced from a position
immediately below the intake chamber.

With the structure of a hybrid vehicle thus configured, it is
not necessary to detour around the battery pack when routing
the exhaust passage from the internal combustion engine to
the exhaust port. Accordingly, excessively bent route of the
exhaust passage can be avoided, and the performance of the
internal combustion engine can be prevented from being
impaired. Here, the exhaust passage is provided so that it
passes a position displaced from a position immediately
below the intake chamber. Therefore, the effect of heat of the
exhaust passage on the cooling air in the intake chamber is
suppressed to be small, and thus an increase in the tempera-
ture of the cooling air before being provided to the plurality of
battery cells can be suppressed. Thus, a significant reduction
in the efficiency of cooling the secondary battery can be
prevented.

Further, the plurality of battery cells include a first battery
cell region positioned relatively near to the intake chamber,
and a second battery cell region positioned relatively far from
the intake chamber. Preferably, the exhaust passage is pro-
vided so that it passes immediately below the first battery cell
region. With the structure of a hybrid vehicle thus configured,
the battery cells of the second battery cell region are cooled by
the cooling air after cooling the battery cells of the first battery
cell region, and therefore a temperature distribution of the
battery cells exists, in which the temperature is low in the first
battery cell region and high in the second battery cell region.
In the present invention, as the battery cells of the first battery
cell region more greatly affected by heat of the exhaust pas-
sage, the temperature distribution of the battery cells between
the first battery cell region and the second battery cell region
can be made small.

A structure of a hybrid vehicle according to another aspect
of the present invention is a structure of a hybrid vehicle
having an internal combustion engine and a motor. The struc-
ture of a hybrid vehicle includes: a battery pack arranged on
avehicle floor; and an exhaust passage having an exhaust port
and extending from the internal combustion engine, passing
below the vehicle floor, to the exhaust port; and a catalyst
portion provided on a route of the exhaust passage for puri-
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fying exhaust gas. The battery pack has a secondary battery
constituted by a plurality of battery cells stacked in a vehicle
width direction for supplying electric power to the motor, and
an intake chamber provided adjacent to the secondary battery
in a substantially horizontal direction perpendicular to the
direction along which the plurality of battery cells are stacked
for supplying cooling air between each of the plurality of
battery cells. The exhaust passage is provided so that it passes
immediately below the battery pack. The catalyst portion is
arranged at a position displaced from a position immediately
below the intake chamber.

With the structure of a hybrid vehicle thus configured, it is
not necessary to detour around the battery pack when routing
the exhaust passage from the internal combustion engine to
the exhaust port. Accordingly, excessively bent route of the
exhaust passage can be avoided, and the performance of the
internal combustion engine can be prevented from being
impaired. Here, the catalyst portion arranged at the exhaust
passage is arranged at a position displaced from a position
immediately below the intake chamber. Accordingly, the
effect of heat generated at the catalyst portion due to catalytic
reaction on the cooling air in the intake chamber can be
suppressed to be small, and thus an increase in the tempera-
ture of the cooling air before being supplied between each of
the plurality of battery cells can be suppressed. Thus, a sig-
nificant reduction in the efficiency of cooling the secondary
battery can be prevented.

A structure of a hybrid vehicle according to still another
aspect of the present invention is a structure of a hybrid
vehicle having an internal combustion engine and a motor.
The structure of a hybrid vehicle includes: a battery pack that
has a secondary battery supplying electric power to the motor
and that is arranged on a vehicle floor; an exhaust passage
having an exhaust port and extending from the internal com-
bustion engine, passing below the vehicle floor, to the exhaust
port; and a catalyst portion provided on a route of the exhaust
passage for purifying exhaust gas. The exhaust passage is
provided so that it passes immediately below the battery pack.
The catalyst portion is arranged at a position displaced from
a position immediately below the battery pack.

With the structure of a hybrid vehicle thus configured, it is
not necessary to detour around the battery pack when routing
the exhaust passage from the internal combustion engine to
the exhaust port. Accordingly, excessively bent route of the
exhaust passage can be avoided, and the performance of the
internal combustion engine can be prevented from being
impaired. Here, the catalyst portion provided at the exhaust
passage is arranged at a position displaced from a position
immediately below the battery pack. Accordingly, an increase
in the temperature of the cooling air flowing in the battery
pack due to the heat generated at the catalyst portion by
catalytic reaction can be suppressed. Thus, a significant
reduction in the efficiency of cooling the secondary battery
can be prevented.

Further, the secondary battery is constituted by a plurality
of battery cells stacked in a vehicle traveling direction. The
battery pack further has an intake chamber provided adjacent
to the secondary battery in a substantially horizontal direction
perpendicular to the direction along which the plurality of
battery cells are stacked for supplying cooling air between
each of the plurality of battery cells. The plurality of battery
cells includes a first battery cell region positioned relatively
near to the intake chamber, and a second battery cell region
positioned relatively far from the intake chamber. Preferably,
the exhaust passage is provided so that it passes immediately
below the first battery cell region. With the structure of a
hybrid vehicle thus configured, as the battery cells of the first
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battery cell region more greatly affected by heat of the
exhaust passage, the temperature distribution of the battery
cells between the first battery cell region and the second
battery cell region can be made small.

A structure of a hybrid vehicle according to still another
aspect of the present invention is a structure of a hybrid
vehicle having an internal combustion engine and a motor.
The structure of a hybrid vehicle includes: a battery pack
arranged on a vehicle floor; and an exhaust passage having an
exhaust port and extending from the internal combustion
engine, passing below the vehicle floor, to the exhaust port.
The battery pack has a secondary battery constituted by a
plurality of battery cells stacked in a vehicle width direction
for supplying electric power to the motor, an intake chamber
provided adjacent to the secondary battery in a substantially
horizontal direction perpendicular to the direction along
which the plurality of battery cells are stacked for supplying
cooling air between each of the plurality of battery cells, and
an exhaust chamber arranged opposite to the intake chamber
relative to the secondary battery for exhausting the cooling air
from between each of the plurality of battery cells. The intake
chamber and the exhaust chamber each include one end and
the other end separated in a direction along which the plural-
ity of battery cells are stacked, and extend from one end to the
other end. When the cooling air is introduced from one end of
the intake chamber and exhausted from the other end of the
exhaust chamber, the exhaust passage is provided to pass
immediately below the battery pack at a position nearer to the
other end than to one end. When the cooling air is introduced
from one end of the intake chamber and exhausted from one
end of the exhaust chamber, the exhaust passage is provided
to pass immediately below the battery pack at a position
nearer to one end than to the other end.

With the structure of a hybrid vehicle thus configured, it is
not necessary to detour around the battery pack when routing
the exhaust passage from the internal combustion engine to
the exhaust port. Accordingly, excessively bent route of the
exhaust passage can be avoided, and the performance of the
internal combustion engine can be prevented from being
impaired. Here, when the cooling air is introduced from one
end of the intake chamber and exhausted from the other end of
the exhaust chamber, the flow rate of the cooling air flowing
between each of the battery cells is greater in a position nearer
to the other end than to one end, and a temperature distribu-
tion of the battery cells exists, in which the temperature is low
in the position nearer to the other end and high in the position
nearer to one end. When the cooling air is introduced from
one end of the intake chamber and exhausted from one end of
the exhaust chamber, the flow rate of the cooling air flowing
between each of the battery cells is greater in a position nearer
to one end than to the other end, and a temperature distribu-
tion of the battery cells exists, in which the temperature is low
in the position nearer to one end and high in the position
nearer to the other end. In the present invention, the exhaust
passage extends in a position near to the other end and to one
end in respective cases, and therefore the temperature distri-
bution of the battery cells can be made small by the heat of the
exhaust passage.

As described above, according to the present invention, a
structure of a hybrid vehicle that suppresses reduction in the
efficiency of cooling a secondary battery without placing a
great limit on routing of an exhaust pipe can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a hybrid vehicle in a first embodi-
ment of the present invention.
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FIG. 2 is a plan view of the hybrid vehicle shown in FIG. 1.

FIG. 3 is a perspective view showing a battery pack shown
in FIG. 1.

FIG. 4 is a cross-sectional view of a battery pack along line
IV-IV in FIG. 2.

FIG. 5 is a cross-sectional view of a modification of a
battery pack wherein an exhaust pipe extends immediately
below a battery cell arranged downstream of a cooling air
flow.

FIG. 6 is a cross-sectional view of another modification of
a battery pack wherein an exhaust pipe extends immediately
below a battery cell arranged downstream of a cooling air
flow.

FIG. 7 is a plan view of a hybrid vehicle in a second
embodiment of the present invention.

FIG. 8 is a cross-sectional view of a battery pack along line
VII-VIII in FIG. 7.

FIG. 9 is a plan view of a hybrid vehicle in a third embodi-
ment of the present invention.

FIG. 10 is a plan view of a modification of the hybrid
vehicle shown in FIG. 9.

FIG. 11 is a plan view partially showing a hybrid vehicle in
a fourth embodiment of the present invention.

FIG.12is aplanview showing a modification ofthe battery
pack shown in FIG. 11.

BEST MODES FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention will be described
referring to the drawings. In the drawings referred to, the
same or corresponding members are denoted by the same
reference character.

First Embodiment

FIG. 1 is a side view of a hybrid vehicle in a first embodi-
ment of the present invention. FIG. 2 is a plan view of the
hybrid vehicle shown in FIG. 1. Referring to FIGS. 1 and 2, a
hybrid vehicle 10 has as its source of motive power a gasoline
engine 14 (hereinafter simply referred to as engine 14) and a
motor electrically supplied from a secondary battery (battery)
32 that can be charged or discharged.

Engine 14 is stored in an engine room 16 formed on a front
side of the vehicle. To an exhaust manifold of engine 14, an
exhaust pipe 21 is connected. Exhaust pipe 21 extends from
inside of engine room 16, passing below a floor panel 15,
toward the rear of the vehicle. Floor panel 15 constitutes the
floor board of the vehicle, and extends facing to the ground.
Exhaust pipe 21 has, at its tip extending toward the rear of the
vehicle, an exhaust port 24 opening toward the outside of the
vehicle. The exhaust gas from engine 14 is guided through
exhaust pipe 21 to the rear of the vehicle, and exhausted
outside the vehicle from exhaust port 24.

On the route of exhaust pipe 21, in the order closer to
engine 14, a three-way catalyst 22 purifying the exhaust gas,
and a muffler 23 suppressing combustion noise in each cyl-
inder of the engine are provided. Three-way catalyst 22 is a
catalyst that simultaneously changes CO, HC (hydrocarbon)
and NOx (nitrogen oxides) to CO,, H,O and N, respectively,
and configured by forming, on a monolith base, a coat layer
containing an alumina support and noble metal such as plati-
num and rhodium, for example.

In the room of hybrid vehicle 10, a driver’s seat 11 and a
front passenger’s seat 12 are provided aligned in the vehicle
width direction. The vehicle width direction is perpendicular
to the vehicle traveling direction. Between driver’s seat 11
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and front passenger’s seat 12, a center console 13 made of
resin is provided. Center console 13 is provided, for example,
to sophisticate the interior, to provide a cup holder for placing
a drink container, and to provide a depression for placing
small articles.

Battery pack 31 storing secondary battery 32 is provided on
floor panel 15 and for example inside center console 13.
Battery pack 31 is arranged between engine 14 and exhaust
port 24 in the vehicle traveling direction, and in the present
embodiment, arranged overlapping with a line connecting
engine 14 and exhaust port 24. When seen from above the
vehicle, battery pack 31 is arranged to be positioned between
engine 14 and exhaust port 24. Battery pack 31 and exhaust
pipe 21 are provided next to each other with floor panel 15
interposed between them.

FIG. 3 is a perspective view showing a battery pack shown
in FIG. 1. In the drawing, a case body that is an outer package
of'the battery pack is drawn as transparent. Referring to FIGS.
2 and 3, secondary battery 32 stored in battery pack 31 is
constituted by a plurality of battery cells 33. In the present
embodiment, pairs of battery cells 33m and 33# aligned in
parallel are stacked in the vehicle traveling direction to con-
stitute secondary battery 32. A plurality of battery cells 33 are
electrically connected in series with each other by a not-
shown bus bar. Battery cell 33 is formed by a lithium ion
battery. It is noted that battery cell 33 is not particularly
limited so long as it is a secondary battery that can be charged
or discharged, and it may be a nickel-hydride metal battery,
for example.

The pairs of battery cells 33m and 33z are retained by resin
frames 43 formed by a resin material such as polypropylene,
for example. Resin frames 43 are aligned in a plurality of
numbers in the vehicle traveling direction while retaining
battery cells 33m and 33#%. On opposite sides of resin frames
43 arranged in a plurality of numbers, end plates 40 and 41 are
arranged. End plate 40 and end plate 41 are bound to each
other by a binding band 42 with a plurality of resin frames 43
being interposed between them.

At battery pack 31, an intake chamber 34 and an exhaust
chamber 35 are formed, positioned on the opposite sides of
secondary battery 32. Intake chamber 34 and exhaust cham-
ber 35 are adjacent to secondary battery 32 in the horizontal
direction perpendicular to the vehicle traveling direction
along which battery cells 33 are stacked, that is, in the vehicle
width direction. A plurality of battery cells 33m stacked in the
vehicle traveling direction are provided adjacent to intake
chamber 34, and a plurality of battery cells 33» stacked in the
vehicle traveling direction are provided adjacent to exhaust
chamber 35.

Atresin frame 43, a cooling air passage 44 passing between
battery cells 33 that are adjacent to each other in the vehicle
traveling direction is formed. Cooling air passage 44 commu-
nicates with intake chamber 34 and exhaust chamber 35 at the
opposite sides of secondary battery 32. The cooling air intro-
duced from the room into battery pack 31 flows from intake
chamber 34 into cooling air passage 44. The cooling air first
cools battery cells 33m and thereafter cools battery cells 33»
while flowing through cooling air passage 44. The cooling air
which is increased in the temperature by heat exchange with
battery cells 33 is exhausted from cooling air passage 44 to
exhaust chamber 35.

FIG. 4 is a cross-sectional view of the battery pack along
line IV-1V in FIG. 2. Referring to FIGS. 3 and 4, exhaust pipe
21 extends in a position immediately below battery pack 31
and in a position displaced from a position immediately
below intake chamber 34, that is, in a position overlapping
with battery pack 31 excluding intake chamber 34 when



US 7,823,672 B2

7

hybrid vehicle 10 is seen two-dimensionally. Exhaust pipe 21
extends so as to overlap with battery pack 31 and not with
intake chamber when seen from above the vehicle. Exhaust
pipe 21 extends in the vehicle traveling direction, being sepa-
rated from intake chamber 34 and overlapping with battery
pack 31 when seen from above the vehicle. Exhaust pipe 21 is
provided such that the heat quantity transferred from exhaust
pipe 21 is relatively small in intake chamber 34 and relatively
great in battery pack 31 excluding intake chamber 34.
Exhaust pipe 21 in the present embodiment extends to cross
bothofend plates 40 and 41 binding a plurality of battery cells
33 from the opposite sides, when seen from above the vehicle.
Exhaust pipe 21 extends positioned in a region 102 spreading
immediately below battery cell 33m, a region 103 spreading
immediately below battery cell 33n, or a region 104 spreading
immediately below exhaust chamber 35. The region through
which exhaust pipe 21 extends may be a plurality of those
regions.

Assuming a case where exhaust pipe 21 extends through
region 101 spreading immediately below intake chamber 34,
the temperature of cooling air in intake chamber 34 increases,
being affected by the exhaust gas of high temperature passing
thorough exhaust pipe 21. In this case, as the cooling air with
the increased temperature is supplied to secondary battery 32,
the heat exchange between the cooling air and battery cell 33
is not achieved efficiently. Accordingly, the efficiency of cool-
ing secondary battery 32 may significantly be reduced. On the
other hand, according to the present embodiment, as exhaust
pipe 21 extends through region 102, 103 or 104 displaced
from region 101, the efficiency of cooling secondary battery
32 is prevented from being reduced affected by heat of
exhaust pipe 21.

The reduction of efficiency of cooling secondary battery 32
is most effectively prevented when exhaust pipe 21 extends
through region 104 spreading immediately below exhaust
chamber 35. Further, when exhaust pipe 21 extends along the
vehicle traveling direction that is the stacking direction of
battery cells 33 in region 102 or 103 spreading immediately
below battery cells 33, a difference in the temperature
between each of battery cells 33 aligning in the vehicle trav-
eling direction due to the effect of heat of exhaust pipe 21 can
be avoided.

When exhaust pipe 21 extends through region 102 spread-
ing immediately below battery cells 33m, the temperature of
battery cells 33m increases being affected by the heat of
exhaust pipe 21. However, the temperature of battery cell 33m
positioned upstream of the cooling air flow tends to be lower
than that of battery cells 33# positioned downstream of the
cooling air flow, and therefore the temperature difference
between battery cells 33m and battery cells 33% can be made
small.

FIG. 5 is a cross-sectional view of a modification of the
battery pack wherein the exhaust pipe extends immediately
below the battery cell arranged downstream of the cooling air
flow. Referring to FIG. 5, when exhaust pipe 21 extends in
region 103 spreading immediately below battery cells 33n, a
bypass flow channel 51 that directly connects the cooling air
passage extending between each of a plurality of battery cells
33m and exhaust chamber 35 may be formed in resin frame
43. Bypass flow channel 51 extends between battery cell 33»
and exhaust pipe 21. Bypass flow channel 51 guides the
cooling air having passed between each of a plurality of
battery cells 33m to exhaust chamber 35, without passing
between each of a plurality of battery cells 33x.

With such a structure, since the heat of exhaust pipe 21 is
taken away by the cooling air flowing through bypass flow
channel 51, the increase in the temperature of battery cells
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33n can be suppressed to be smaller. Thus, the difference in
the temperature between battery cell 33» and battery cell 33m
can be suppressed to be smaller.

FIG. 6 is a cross-sectional view of another modification of
the battery pack wherein the exhaust pipe extends immedi-
ately below the battery cell arranged downstream of the cool-
ing air flow. Referring to FIG. 6, when exhaust pipe 21
extends through region 103 spreading immediately below
battery cells 33n, in addition to bypass flow channel 51, a
bypass flow channel 52 that directly connects intake chamber
34 and the cooling air passage extending between each of a
plurality of battery cells 33z may be formed in resin frame 43.
Bypass flow channel 52 extends along the opposite side of
floor panel 15 relative to battery cells 337, and formed in a
position hardly affected by the heat of exhaust pipe 21.
Bypass flow channel 52 guides the cooling air passing in
intake chamber 34 to between each of a plurality of battery
cells 33n, without passing between each of a plurality of
battery cells 33m.

With such a structure, by means of bypass flow channel 52,
the cooling air not conducting heat exchange between battery
cells 33m is used for the heat exchange with battery cells 33x.
With this method, as compared to the modification shown in
FIG. 5, the flow rate of the cooling air flowing between each
of battery cells 33» can be made the same as or greater than
the flow rate of the cooling air flowing between each of
battery cells 33m, and thus the temperature of battery cell 33»
can be set even lower. Thus, the difference in the temperature
between battery cells 33m and battery cells 33z can be made
further smaller.

The structure of hybrid vehicle 10 as a hybrid vehicle in the
first embodiment of the present invention includes battery
pack 31 arranged on floor panel 15 as a vehicle floor, and
exhaust pipe 21 as an exhaust passage having exhaust port 24
and extending from engine 14 as an internal combustion
engine passing below floor panel 15 to exhaust port 24. Bat-
tery pack 31 has secondary battery 32 constituted by a plu-
rality of battery cells 33 stacked in the vehicle traveling direc-
tion for supplying electric power to the motor, and intake
chamber 34 provided adjacent to secondary battery 32 in a
substantially horizontal direction perpendicular to the direc-
tion in which a plurality of battery cells 33 are stacked for
supplying cooling air between each of a plurality of battery
cells 33. Exhaust pipe 21 is provided so that it passes imme-
diately below battery pack 31 and passes a position displaced
from a position immediately below intake chamber 34.

With the structure of hybrid vehicle 10 in the first embodi-
ment of the present invention thus configured, by arranging
exhaust pipe 21 immediately below battery pack 31, it is not
necessary to make exhaust pipe 21 detour around battery pack
31, and the degree of freedom in arranging exhaust pipe 21 is
improved. Thus, exhaust pipe 21 is prevented from exces-
sively bent or folded between engine 14 and exhaust port 24,
improving the performance of engine 14. Further, in the
present embodiment, since intake chamber 34 or exhaust
chamber 35 is not arranged between secondary battery 32 and
floor panel 15, battery pack 31 is susceptible to the effect of
external environment below floor panel 15. However, as
exhaust pipe 21 passes the position displaced from the posi-
tion immediately below intake chamber 34, a significant
reduction in the efficiency of cooling secondary battery 32 is
prevented.

Although description has been given on the case where
battery pack 31 is provided inside center console 13 in the
present embodiment, the present invention is not limited
thereto and battery pack 31 may be provided for example
under driver’s seat 11 or front passenger’s seat 12, under rear
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sheet 18, or in a luggage room. Engine 14 is not limited to a
gasoline engine, and it may be a diesel engine.

Second Embodiment

FIG. 7 is a plan view of a hybrid vehicle in a second
embodiment of the present invention. FIG. 8 is a cross-sec-
tional view of a battery pack along line VIII-VIIl in FIG. 7. In
the following, description of the structure being the same as in
hybrid vehicle 10 in the first embodiment will not be repeated.

Referring to FIGS. 7 and 8, in the present embodiment,
pairs of battery cells 33m and 33» aligned in parallel are
stacked in the vehicle width direction to constitute secondary
battery 32. Intake chamber 34 and exhaust chamber 35 are
adjacent to secondary battery 32 in a horizontal direction
perpendicular to the vehicle width direction along which
battery cells 33 are stacked, that is, in the vehicle traveling
direction. Exhaust pipe 21 extends immediately below bat-
tery pack 31, and extends through region 101 spreading
immediately below intake chamber 34, regions 102 and 103
spreading immediately below battery cells 33m and 33,
respectively, and region 104 spreading immediately below
exhaust chamber 35 in this order.

In the present embodiment, a three-way catalyst 22 is pro-
vided at a position displaced from a position immediately
below intake chamber 34, that is, at a position not overlapping
with intake chamber 34 when hybrid vehicle 10 is seen two-
dimensionally. Three-way catalyst 22 is provided at region
102, 103, or 104 or at regions 100 and 105 being displaced
from a position immediately below battery pack 31. The
region where three-way catalyst 22 is arranged may be a
plurality of these regions.

In place of three-way catalyst 22, an apparatus purifying
exhaust gas by catalytic reaction such as oxidation catalyst,
lean NOx catalyst, DPF (diesel particulate filter) with oxida-
tion catalyst, or HC adsorption purify catalyst may be pro-
vided. Further, three-way catalyst 22 may be a catalyst pro-
vided immediately downstream of the exhaust manifold so
that it attains the active temperature in the early stage when
the engine is started.

As catalytic reaction occurs when exhaust gas passes
through three-way catalyst 22, the temperature of three-way
catalyst 22 increases. In the present embodiment, since three-
way catalyst 22 is arranged in region 100, 102, 104, 104, or
105 that is displaced from region 101 spreading immediately
below intake chamber 34, a significant reduction in the effi-
ciency of cooling secondary battery 32 aftected by heat gen-
erated in three-way catalyst 22 is suppressed.

The structure of hybrid vehicle in the second embodiment
of'the present invention includes battery pack 31 arranged on
floor panel 15, exhaust pipe 21 having exhaust port 24 and
extending from engine 14 and passing below floor panel 15 to
exhaust port 24, and three-way catalyst 22 provided on the
route of exhaust pipe 21 as a catalyst portion purifying
exhaust gas. Battery pack 31 has secondary battery 32 con-
stituted by a plurality of battery cells 33 stacked in the vehicle
width direction for supplying electric power to the motor, and
intake chamber 34 provided adjacent to secondary battery 32
in a substantially horizontal direction perpendicular to the
direction along which a plurality of battery cells 33 are
stacked for supplying cooling air between each of a plurality
of battery cells 33. Exhaust pipe 21 is provided so that it
passes immediately below battery pack 31. Three-way cata-
lyst 22 is arranged at a position displaced from a position
immediately below intake chamber 34.
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With the structure of the hybrid vehicle in the second
embodiment of the present invention thus configured, the
effect similar to that described in the first embodiment can be
attained.

Third Embodiment

FIG. 9 is a plan view of a hybrid vehicle in a third embodi-
ment of the present invention. In the following, description of
the structure being the same as in the hybrid vehicle in the first
and second embodiments will not be repeated.

Referring to FIG. 9, in the present embodiment, battery
cells 33 are stacked in the vehicle traveling direction to con-
stitute secondary battery 32. Intake chamber 34 and exhaust
chamber 35 are adjacent to secondary battery 32 in a horizon-
tal direction perpendicular to the vehicle traveling direction
along which battery cells 33 are stacked, that is, in the vehicle
width direction. Exhaust pipe 21 extends immediately below
battery pack 31, and three-way catalyst 22 is arranged at a
position displaced from a position immediately below battery
pack 31. That is, exhaust pipe 21 extends at a position over-
lapping with battery pack 31 when hybrid vehicle 10 is seen
two-dimensionally, and three-way catalyst 22 is arranged at a
position not overlapping with battery pack 31. With such a
configuration, a significant reduction in the efficiency of cool-
ing secondary battery 32 affected by heat generated in three-
way catalyst 22 is suppressed.

It is noted that, as in the first embodiment when exhaust
pipe 21 extends through region 102 spreading immediately
below battery cell 33m in FIG. 4, the difference in the tem-
perature between battery cell 33m and battery cell 33% can be
made small. When exhaust pipe 21 extends through region
103 spreading immediately below battery cell 33r, the bypass
flow channel shown in FIGS. 5 and 6 may be applied to the
hybrid vehicle shown in FIG. 9.

FIG. 10 is a plan view of a modification of the hybrid
vehicle shown in FIG. 9. Referring to FIG. 10, in the present
modification wherein battery cells 33 are stacked in the
vehicle width direction also, exhaust pipe 21 is provided to
extend immediately below battery pack 31, and three-way
catalyst 22 is arranged at a position being displaced from a
position immediately below battery pack 31.

The hybrid vehicle in the third embodiment of the present
invention includes battery pack 31 having secondary battery
32 supplying electric power to a motor and arranged on floor
panel 15, exhaust pipe 21 having exhaust port 24 and extend-
ing from engine 14 and passing below floor panel 15 to
exhaust port 24, and three-way catalyst 22 provided on the
route of exhaust pipe 21 for purifying exhaust gas. The
exhaust pipe 21 is provided to pass immediately below bat-
tery pack 31. Three-way catalyst 22 is arranged at a position
displaced from a position immediately below battery pack 31.

With the structure of the hybrid vehicle in the third embodi-
ment of the present invention thus configured, the effect simi-
lar to that described in the first embodiment can be attained.

Fourth Embodiment

FIG. 11 is a plan view partially showing a hybrid vehicle in
a fourth embodiment of the present invention. In the follow-
ing, description of the structure being the same as in the
hybrid vehicle in the first to third embodiments will not be
repeated.

Referring to FIG. 11, in the present embodiment, battery
cells 33 are stacked in the vehicle width direction to constitute
secondary battery 32. Intake chamber 34 and exhaust cham-
ber 35 are adjacent to secondary battery 32 in a horizontal
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direction perpendicular to the vehicle width direction along
which battery cells 33 are stacked, that is, in the vehicle
traveling direction. Intake chamber 34 and exhaust chamber
35 each have one end 55 and the other end 56 separated in the
vehicle width direction, and they extend in parallel to each
other from one end 55 to the other end 56. The cooling air is
introduced from one end 55 of intake chamber 34, and makes
a turn in battery pack 31 and exhausted from one end 55 of
exhaust chamber 35. Exhaust pipe 21 extends immediately
below battery pack 31 nearer to one end 55 than to the other
end 56.

In the present embodiment, the position at which cooling
air is introduced into intake chamber 34 and the position at
which the cooling air is exhausted from exhaust chamber 35
are provided on the same side of the extending direction of
intake chamber 34 and exhaust chamber 35. Therefore, when
the cooling air flows into intake chamber 34, rather than going
to the other end 56 of intake chamber 34, it tends to pass
between each of battery cells 33 to go to exhaust chamber 55.
Accordingly, in the present embodiment, the flow rate of the
cooling air flowing between each of battery cells 33 is greater
in a position nearer to one end 55 than to the other end 56. On
the other hand, as exhaust pipe 21 extends at a position nearer
to one end 55 than to the other end 56, the difference in the
temperature between each of battery cells 33 aligning in the
vehicle width direction can be made small.

FIG.12is aplanview showing a modification ofthe battery
pack shown in FIG. 11. Referring to FIG. 12, in the present
modification, cooling air is introduced from one end 55 of
intake chamber 34 and exhausted from the other end 56 of
exhaust chamber 35. Exhaust pipe 21 extends immediately
below battery pack 31 nearer to the other end 56 than to one
end 55.

In this case, the position at which cooling air is introduced
into intake chamber 34 and the position at which the cooling
air is exhausted from exhaust chamber 35 are provided on
opposite sides of the extending direction of intake chamber 34
and exhaust chamber 35. Therefore, when the cooling air
flows into one end 55 of intake chamber 34, rather than
passing between each of battery cells 33 and going to exhaust
chamber 55, it tends to rush toward the other end 56 of intake
chamber 34. Accordingly, the flow rate of the cooling air
flowing between each of battery cells 33 is greater in a posi-
tion nearer to the other end 56 than to one end 55. On the other
hand, as exhaust pipe 21 extends at a position nearer to the
other end 56 than to one end 55, the difference in the tem-
perature between each of battery cells 33 aligning in the
vehicle width direction can be made small.

The structure of the hybrid vehicle in the fourth embodi-
ment of the present invention includes battery pack 31
arranged on floor panel 15 and exhaust pipe 21 having exhaust
port 24 and extending from engine 14 and passing below floor
panel 15 to exhaust port 24. Battery pack 31 has secondary
battery 32 constituted by a plurality of battery cells stacked in
the vehicle width direction for supplying electric power to the
motor, intake chamber 34 provided adjacent to secondary
battery 32 in a substantially horizontal direction perpendicu-
larto the direction along which the plurality of battery cells 33
are stacked for supplying cooling air between each of the
plurality of battery cells 33, and exhaust chamber 35 arranged
on the opposite side of intake chamber 34 relative to second-
ary battery 32 for exhausting the cooling air from between
each of the plurality of battery cells 33. Intake chamber 34 and
exhaust chamber 35 include one end 55 and the other end 56
separated in the direction along which the plurality of battery
cells 33 are stacked, and extend from one end 55 to the other
end 56.
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When the cooling air is introduced from one end 55 of
intake chamber 34 and exhausted from the other end 56 of
exhaust chamber 35, exhaust pipe 21 is provided to pass
immediately below battery pack 31 at a position nearer to the
other end 56 than to one end 55. When the cooling air is
introduced from one end 55 of intake chamber 34 and
exhausted from one end 55 of exhaust chamber 35, exhaust
pipe 21 is provided to pass immediately below battery pack
31 at a position nearer to one end 55 than to the other end 56.

With the structure of the hybrid vehicle in the fourth
embodiment of the present invention thus configured, the
effect similar to that described in the first embodiment can be
attained. Additionally, since variations in the temperature
between each of battery cells 33 is suppressed to be small,
improvements in the battery performance and the battery
lifetime can be achieved.

It should be understood that the embodiments disclosed
herein are illustrative and non-restrictive in every respect. The
scope of the present invention is defined by the terms of the
claims, rather than the description and example above, and is
intended to include any modifications and changes within the
scope and meaning equivalent to the terms of the claims.

INDUSTRIAL APPLICABILITY

The present invention is applicable chiefly to a hybrid
vehicle having an internal combustion engine and a motor as
its motive power source.

The invention claimed is:

1. A structure of a hybrid vehicle having an internal com-
bustion engine and a motor, comprising:

a battery pack that has a secondary battery constituted by
two or more sets of battery cells stacked in a vehicle
traveling direction for supplying electric power to said
motor, and an intake chamber provided adjacent to said
secondary battery in a direction perpendicular to the
direction along which said two or more sets of battery
cells are stacked for supplying cooling air between each
of said two or more sets of battery cells, and that is
arranged on a vehicle floor; and

an exhaust passage having an exhaust port and extending
from said internal combustion engine, passing below
said vehicle floor, to said exhaust port, wherein

said exhaust passage is provided so that it passes immedi-
ately below said battery pack and passes a position dis-
placed from a position immediately below said intake
chamber,

each set of battery cells includes a single layer of battery
cells extending in a same direction and being in a same
plane,

the two or more sets of battery cells is stacked in an
orthogonal direction that is orthogonal to the same
plane, and

the intake chamber extends parallel to the orthogonal direc-
tion.

2. The structure of a hybrid vehicle according to claim 1,

wherein

said two or more sets of battery cells include a first battery
cell region positioned relatively near to said intake
chamber, and a second battery cell region positioned
relatively far from said intake chamber, and

said exhaust passage is provided so that it passes immedi-
ately below said first battery cell region.

3. A structure of a hybrid vehicle having an internal com-

bustion engine and a motor, comprising:

a battery pack that has a secondary battery constituted by
two or more sets of battery cells stacked in a vehicle



US 7,823,672 B2

13

width direction for supplying electric power to said
motor, an intake chamber provided adjacent to said sec-
ondary battery in a direction perpendicular to the direc-
tion along which said two or more sets of battery cells
are stacked for supplying cooling air between each of
said two or more sets of battery cells, and an exhaust
chamber arranged opposite to said intake chamber rela-
tive to said secondary battery for exhausting the cooling
air from between each of said two or more sets of battery
cells, and that is arranged on a vehicle floor;

an exhaust passage having an exhaust port and extending
from said internal combustion engine, passing below
said vehicle floor, to said exhaust port; and

a catalyst portion provided on a route of said exhaust pas-
sage for purifying exhaust gas, wherein

said exhaust passage is provided so that it passes immedi-
ately below said battery pack, and said catalyst portion is
arranged at a position displaced from a position imme-
diately below said intake chamber,

each set of battery cells includes a single layer of battery
cells extending in a same direction and being in a same
plane,

the two or more sets of battery cells is stacked in an
orthogonal direction that is orthogonal to the same
plane, and

the intake chamber extends parallel to the orthogonal direc-
tion.

4. A structure of a hybrid vehicle having an internal com-

bustion engine and a motor, comprising:

a battery pack that has a secondary battery constituted by
two or more sets of battery cells stacked in one of a
vehicle traveling direction and a vehicle width direction
for supplying electric power to said motor, an intake
chamber provided adjacent to said secondary battery in
a direction perpendicular to the direction along which
said two or more sets of battery cells are stacked for
supplying cooling air between each of said two or more
sets of battery cells, and an exhaust chamber arranged
opposite to said intake chamber relative to said second-
ary battery for exhausting the cooling air from between
each of said two or more sets of battery cells, and that is
arranged on a vehicle floor;

an exhaust passage having an exhaust port and extending
from said internal combustion engine, passing below
said vehicle floor, to said exhaust port; and

a catalyst portion provided on a route of said exhaust pas-
sage for purifying exhaust gas, wherein

said exhaust passage is provided so that it passes immedi-
ately below said battery pack, and said catalyst portion is
arranged at a position displaced from a position imme-
diately below said battery pack,

each set of battery cells includes a single layer of battery
cells extending in a same direction and being in a same
plane,

the two or more sets of battery cells is stacked in an
orthogonal direction that is orthogonal to the same
plane, and
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the intake chamber extends parallel to the orthogonal direc-
tion.
5. The structure of a hybrid vehicle according to claim 4,

wherein

said secondary battery is constituted by two or more sets of
battery cells stacked in the vehicle traveling direction,

said two or more sets of battery cells includes a first battery
cell region positioned relatively near to said intake
chamber, and a second battery cell region positioned
relatively far from said intake chamber, and

said exhaust passage is provided so that it passes immedi-
ately below said first battery cell region.

6. A structure of a hybrid vehicle having an internal com-

bustion engine and a motor, comprising:

a battery pack that has a secondary battery constituted by
two or more sets of battery cells stacked in a vehicle
width direction for supplying electric power to said
motor, an intake chamber provided adjacent to said sec-
ondary battery in a direction perpendicular to the direc-
tion along which said two or more sets of battery cells
are stacked for supplying cooling air between each of
said two or more sets of battery cells, and an exhaust
chamber arranged opposite to said intake chamber rela-
tive to said secondary battery for exhausting the cooling
air from between each of said two or more sets of battery
cells, and that is arranged on a vehicle floor; and

an exhaust passage having an exhaust port and extending
from said internal combustion engine, passing below
said vehicle floor, to said exhaust port, wherein

said intake chamber and said exhaust chamber each include
one end and an other end separated in a direction along
which said two or more sets of battery cells are stacked,
and extend from said one end to said other end,

when the cooling air is introduced from said one end of said
intake chamber and exhausted from said other end of
said exhaust chamber, said exhaust passage is provided
to pass immediately below said battery pack at a position
nearer to said other end of said intake chamber and
exhaust chamber than to said one end of said intake
chamber and exhaust chamber,

when the cooling air is introduced from said one end of said
intake chamber and exhausted from said one end of said
exhaust chamber, said exhaust passage is provided to
pass immediately below said battery pack at a position
nearer to said one end of said intake chamber and
exhaust chamber than to said other end of said intake
chamber and exhaust chamber,

each set of battery cells includes a single layer of battery
cells extending in a same direction and being in a same
plane,

the two or more sets of battery cells is stacked in an
orthogonal direction that is orthogonal to the same
plane, and

the intake chamber extends parallel to the orthogonal direc-
tion.



